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I n  prepara t ion  f o r  a  planned s tudy of mu l t i p l e  
proton pickup r eac t ions  induced by a p a r t i c l e s  and 
the  l i g h t e r  heavy ions ,  we have designed and con- 
s t r u c t e d  a f o c a l  plane de t ec to r  f o r  heavy ions  t o  be 
used wi th  the spectrograph.  Since the  r eac t ions  
t o  be s tud i ed  genera l ly  have low y i e l d s ,  t he  p r i -  
mary cons idera t ion  i n  t he  design of t h i s  de t ec to r  
was t h a t  i t  provide unambiguous i d e n t i f i c a t i o n  of  the 
var ious  ion spec ies  wi th  a h igh  degree of background 
reduction.  A gridded ion i za t ion  chamber design was 
chosen, s i m i l a r  i n  concept t o  those  developed a t  
Rochester, Argonne, and elsewhere. 1*2 The completed 
de t ec to r  has  been t e s t e d  and is  now ope ra t iona l .  
The e s s e n t i a l  f e a t u r e  of de t ec to r s  of t h i s  type 
is  t h a t  the  wire  propor t ional  counters a r e  used t o  
measure pos i t i on ,  and the  e l ec t rodes  from which the  
AE s i g n a l s  a r e  derived a r e  separa ted  by g r i d s  from 
the  region i n  which t h e  ion is stopped. These e l e -  
ments a r e  ac t iva t ed  by the  e l e c t r o n s  produced along 
the  pa th  of  t he  ion ,  which a r e  swept through the  
g r id s  by a t ransverse  e l e c t r i c  f i e l d .  The slower 
p o s i t i v e  i ons  l e f t  along the  p a r t i c l e  t r ack  induce 
a charge on the  cathode and f i r s t  g r i d ,  propor t ional  
t o  t he  energy deposited i n  t he  counter  gas. An i m -  
po r t an t  advantage of t h i s  conf igura t ion  i s  t h a t  
pos i t i on  and d i f f e r e n t i a l  energy l o s s  measurements 
may be made without  p lac ing  wires  o r  f o i l s  i n  t h e  
pa th  of t he  de tec ted  p a r t i c l e s ,  which must t r a v e r s e  
only a s i n g l e  en t r ance  window. Thus i t  is  poss ib l e  
t o  make seve ra l  pos i t i on  and energy l o s s  measure- 
ments without  degrading the  energy r e so lu t ion .  The 
redundancy provided by these  mu l t i p l e  measure- 
ments is a s i g n i f i c a n t  a i d  i n  reducing background 
l e v e l s .  
The p re sen t  design provides an i n i t i a l  
measurement of pos i t i on  along the  foca l  plane 
followed by two sequen t i a l  AE measurements, a  
second pos i t i on  measurement which can be used t o  
determine the  angle of incidence,  and a simultaneous 
measurement of E, t he  t o t a l  energy deposited i n  t he  
a c t i v e  region of t he  counter .  A t h i r d  propor t ional  
counter  mounted above the  r e a r  of  the  s topping  
region serves  a s  a ve to  counter  f o r  pass ing  
p a r t i c l e s .  The wire  propor t ional  counters u t i l i z e  
carbon-coated qua r t z  f i b e r s ,  wi th  a r e s i s t a n c e  
of 1000 ohms/mm. The pos i t i on  is  determined using 
the  Borkowski-Kopp r i s e  time scheme. With t he  
wire r e s i s t a n c e  chosen, t he  maximum readout time 
f o r  each wire is approximately 2 . 5 ~  sec .  The 
de t ec to r  has been operated succes s fu l ly  wi th  i so-  
butane a t  pressures  a s  high a s  a 0.6 atm, which is 
s u f f i c i e n t  t o  s top  i n  t he  a c t i v e  volume 12c ions  
w i th  energies  up t o  about 145 MeV. 
The lower p a r t  of Figure 1 shows a raw, two 
dimensional AE-E p l o t  obtained a t  elab = 8O wi th  an 
85 MeV 6 ~ i  beam inc iden t  on a carbon t a r g e t .  I n  
t h i s  case  t he  absc i s sa  is the  second of  t he  two 
AE s i g n a l s  (AE2), p l o t t e d  a g a i n s t g  , t h e  t o t a l  
energy deposited i n  t he  de t ec to r .  The spec t ro-  
graph f i e l d  was set t o  p l ace  8~ i o n s  from t h e  
" c ( ~ L ~ ,  8 ~ ) 1 0 ~ e  r eac t ion  on the  f o c a l  plane,  and the  
gas pressure  was optimized f o r  t he  de t ec t ion  of 
8 ~ .  The d e t a i l  a t  the  top of the  f i g u r e  shows the  
upper por t ion  of the  E-AE plane wi th  t he  v e r t i c a l  
s c a l e  expanded by a f a c t o r  of t en ,  i n  order  t o  
exh ib i t  the  peak corresponding t o  8~ ions .  In  t he  
foreground can be seen expanded peaks corresponding 
t o  the  more in t ense  groups appearing a t  lower values 
Figure 2 shows angular  d i s t r i b u t i o n s  measured 
f o r  t he  ( 6 ~ i ,  8 ~ )  r eac t ion  leading  t o  t he  ground 
s t a t e  and the  f i r s t  2+ s t a t e  a t  3.37 MeV i n  1°Be. 
Note the sharp r i s e  i n  t he  cross  s ec t ion  a t  t he  most 
forward angle,  corresponding t o  elab = 6 .So. 
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